The sequence of events in the infection of TN-368-IO and TN-368-I3 cells by Autographa californica nuclear polyhedrosis virus (AcMNPV) was investigated by using the indirect immunoperoxidase technique. Antisera raised against enveloped nucleocapsids detected homologous antigens at 6 to 8 h post infection which was about 2 h before the appearance of both intracellular and extracellular infectious virus. Similar tests using polyhedrin antiserum showed that polyhedrin is first synthesized at I2 h post infection, 2 to 4 h after the appearance of infectious nonoccluded virus. The irnmunoperoxidase technique was also applied to four other invertebrate cell lines after inoculation with AcMNPV. The most significant result was that 90 % of AcMNPV-inoculated Bombyx mori 5 cells produced enveloped nucleocapsid antigens and infectious virus but only I °/o or less of the cells produced polyhedrin. This disparity emphasizes the need for assays for NPV infection that are independent of polyhedron production.
INTRODUCTION
Standardizing in vitro infection assays for reliable measurements of baculovirus infectivity is basic to a quantitative evaluation of baculovirus activity in any cell system. At present the major and routine criterion for the quantification of infection is the formation of plaques which are the result of polyhedron production. In previous papers (Volkman & Summers, 1975 , 1976 we questioned the fidelity of polyhedral plaque assays and cited instances of baculovirus replication without concomitant polyhedron production. We reported that various sublines of TN-368 cells varied as much as 75 ~o in their relative abilities to serve as indicators in the polyhedral plaque assay. Those sublines that were the poorer indicators produced higher concentrations of infectious non-occluded extracellular virus, suggesting that there was a host cell influence on polyhedron production. The ability of the different lines to become infected and produce non-occluded virus was not quantitatively related to their ability to produce polyhedra when compared to the standard system, infected TN-368 cells.
Studies using immunofluorescence to detect nuclear polyhedrosis virus (NPV) activity in Bombyx mori (Krywienczyk, I967) , Trichoplusia ni and Spodoptera frugiperda (Mclntosh & Padhi, 1976) have been reported. Papers underscoring the advantages of the immunoperoxidase technique over immunofluorescence and its use in invertebrate virology have also been published (Kurstak, 197I ; Kurstak & Kurstak, 1974) . The indirect immunoperoxidase technique is a reliable and sensitive method for virus detection and identification in cell culture (Wicker & Avrameas, 1969; Benjamin & Ray, 1974; Herrmann et al. 1974; Bellon et al. 1975; Petrusz et al. 1975; Gerna et al. 1976) . We have successfully applied the indirect immunoperoxidase technique using light microscopy to localize and follow the temporal progress of the synthesis of Autographa californica (AcMNPV) enveloped nucleocapsid and polyhedrin antigens in sublines of TN-368 cells. The method is capable of detecting virus replication and is not dependent on polyhedron production. In addition, four other invertebrate cell lines were assessed for infection by AcMNPV using the immunoperoxidase technique. We have shown in one of the cell lines tested, Bombyx mori 5, that virus replication takes place in the absence of significant polyhedrin production.
METHODS
Cell cultures. Two of the cell sublines used in this study, TN-368-IO and TN-368-13, were initiated by culturing single cells of the TN-368 line which, in turn, was derived from Trichoplusia ni virgin moth ovarian cells (Volkman & Summers, 1975 , 1976 . The cells were maintained at 28 °C in TNM-FH medium (Volkman et al. 1976 ) and were subcultured three times each week. The cells were subcultured the day before infection to ensure log phase growth.
Other cell lines used were: Bombyx mori 5 and Carpocapsa pomonella I69, courtesy of Dr D. L. Knudson, New Haven, Connecticut; Manduca sexta, obtained from Dr D. B. Stoltz, Halifax, Canada; and Mamestra brassicae, obtained from Dr H. Miltenburger, Darmstadt, Germany. The M. brassicae line was maintained in the same manner and in the same medium as TN-368-IO and TN-368-I 3. The other lines were grown in TCIoo medium and subcultured once or twice a week.
Virus. The initial source of virus used was AcMNPV originally provided by Dr P. V. Vail and Dr W. F. Hink in the form of infectious cell culture medium. From this the second passage of the plasma membrane budded non-occluded form of AcMNPV (PMB-NOV) (Summers & Volkman, 1976; Volkman et al. 1976 ) was used to infect TN-368-IO and TN-368-I 3 cells. Polyhedra recovered from infected TN-368 cells were used to infect T. ni larvae which, in turn, provided a source of infectious haemolymph. TN-368-I3 cells were inoculated with the infectious haemolymph for the production of non-occluded virus. By 36 h, before significant cell disruption, infected cells were pelleted by centrifugation at 300 g for 15 min and the supernatant was centrifuged at 4ooo g for 15 rain. The 4ooo g supernatant was used as the inoculum. Virus from the first passage was, in turn, used to infect TN-368-I 3 cells. Antisera. Rabbits (from which pre-immune sera were taken) were injected as previously described with highly purified AcMNPV larvae-derived occluded virions which had been alkali-liberated (LOVAL; Volkman et aL I976), or, alternatively, with highly purified AcMNPV polyhedrin (Summers & Smith, 1976) . Antiserum to purified AcMNPV PMB-NOV was also tested (Summers & Volkman, I976; Volkman et al. I976) . All antisera were heat-inactivated at 56 °C for 3o min before use. Peroxidase-conjugated anti-rabbit IgG goat serum which contained I4 mg gamma globulin conjugated with 2"9 mg peroxidase per ml of solution was purchased from the Research Division, Miles Laboratories, Elkhart,
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Indiana. The antisera used in this study were shown to be specific for the homologous antigen(s) by a micro-solid-phase immunoradiometric assay, as they did not significantly cross-react with heterologous PMB-NOV, LOVAL, or polyhedrin at concentrations less than 2oo ng/ml of each antigen (Ohba et aL I977) .
Treatment and fixation of cells. Log phase cells were infected with AcMNPV PMB-NOV at a multiplicity of infection (m.o.i.) of not less that 5 or greater than Io (Volkman & Summers, I976) . For time course studies, io 7 cells of each subline, TN-368-To and TN-368-I3, were inoculated with PMB-NOV at a m.o.i, of 5. Other insect cell lines were infected at a m.o.i, of Io. After a i h adsorption period, the cells were pelleted by centrifugation at 30o g for 5 min and resuspended gently in complete medium. At this time and at regular intervals thereafter, samples of Io ~ cells were removed, pelleted by centrifugation at 300 g for 5 rain, and rinsed twice in TNM-FH or TCioo containing Io% foetal calf serum. The cells were resuspended in a small amount of the appropriate serum-less medium by pipetting and small drops of each of the samples placed on acid-cleaned glass slides. The cells were allowed to attach to the slides for 2o rain, then rinsed twice by gentle dipping in o-or Mphosphate buffered saline solution (PBS, pH 7.2). After washing, three different fixing procedures were compared: (i) the cells on the slide were air-dried for 2o rain at room temperature, fixed in 1.5% paraformaldehyde in o.o67 M-potassium phosphate buffer, pH 7"4, for 20 rnin at room temperature, rinsed three times with PBS and air-dried again; (2) procedure I was used without the initial air-drying step; (3) the cells were fixed in acetone for IO min at room temperature. The other invertebrate cell lines were processed using the same routine procedures and reagents employed with TN-368-Io and TN-368-r3 cells.
Immunoenzymic staining procedure. The procedure used was basically that obtained from Dr Heather Mayor (Baylor Medical Center, Houston, Texas) with a few modifications. After fixation, the cells were covered with one or two drops of rabbit antiserum diluted I : Ioo to 1:200 in PBS, and were incubated at 37 °C for t h. The proper dilution of antiserum was determined experimentally by selecting the dilution which gave the least nonspecific but the most intense specific (positive) reaction. Cells were rinsed extensively in five consecutive changes of PBS before adding one or two drops of a I : Ioo dilution of peroxidase conjugated goat anti-rabbit IgG. After a I h incubation at 37 °C, the cells were rinsed extensively in five changes of PBS. The peroxidase substrate (made up freshly) was o'4 mg/ml 3-3' diaminobenzidine (DAB) in o.oi% hydrogen peroxide (H20~) and o.I M-tris, pH 7"6. The stock bottle of powdered DAB was kept frozen in a desiccator and the H~O2 working dilution was made fresh each time from a 3o % stock solution. The cells were covered with the substrate solution and were allowed to incubate for Io min at room temperature in the dark. Following this treatment they were washed extensively in PBS, dehydrated and mounted with permount for microscopic examination. Dehydration was accomplished by immersing slides sequentially for 3 min in each of the following solutions: 25%, 5o%, 75%, 95% and Ioo% ethanol and xylene.
A total of 40o cells in each of three replicate samples were scored to determine the percentage reacting with immunoperoxidase.
Tests for sensitivity and specificity of the assay were performed. The tests for specificity included the substitution of pre-immune sera for the enveloped nucleocapsid or polyhedrin antisera, and the use of non-infected cells. In tests for the appropriate concentrations of antisera and reagents, dilutions ranging from I : IO to 1:400 were tested. Additional controls involved the omission of either virus antiserum, peroxidase conjugated antiserum, DAB or hydrogen peroxide.
Intracellular and dxtracellular virus growth curves.
For virus growth curves TN-368-IO cells were inoculated as described and assayed in triplicate. At the designated time, I × IO 6 cells were removed, pelleted by centrifugation at 300 g for IO rain, and the supernatant saved for extracellular virus titration. The cells were twice resuspended in 5 ml of TNM-FH plus o. I mg/ml of gentamycin and 5 mg/ml of fungizone, and twice pelleted by centrifugation. After this, they were resuspended in I. I ml of the medium, pelleted again, and o. 1 ml of final supernatant tested for residual infectivity by the polyhedral plaque assay. The pelleted cells were resuspended in the remaining medium, and disrupted using a Sonifier Cell Disruptor (Heat Systems Ultrasonics, Inc.) at 4 °C for I min at setting 3, and then for an additional 0"5 min at setting 5. The effects of sonication on virus infectivity were tested by adding known titres of PMB-NOV to TN-368 cells and disrupting the cells as above. The procedure routinely destroyed 3o% of virus infectivity and all values reported in these studies were corrected accordingly. The cell debris was pelleted at 2ooo g for IO min and the infectivity of the supernatant solution was determined by polyhedral plaque assay.
Plaque assays. Polyhedral plaque assay was performed as reported (Volkman & Summers, 1976) except that 1"5 % seaplaque agarose in TNM-FH was used as the overlay, and the plates were incubated at 28 °C in a COs incubator for 5 days (Wood, 1977) .
RESULTS

The effect of fixation on cellular morphology and on specificity and intensity of immuno-
peroxidase staining Acetone fixation, although usually accompanied by higher background staining, gave the strongest specific stain intensity and could be used as an easy and rapid procedure for detecting infected cells. However, cell structure was severely altered and numerous cells detached from slides, making this procedure unacceptable for routine time course studies.
Paraformaldehyde fixation with prior air-drying preserved cell morphology nicely and gave a good positive staining reaction. However, the cells often stained intensely at the surface and peripheral cytoplasm. This made it difficult to judge the location and relative distribution of virus antigens in the cell.
Although cells that were not air-dried prior to fixation in paraformaldehyde showed some membrane disruption and gave the least intense reaction (Fig. 1 to 5 ), this method of preparation was chosen for routine experiments because it gave the most reproducible staining, the least non-specific background and most cells remained attached to the slide. The nucleus and cytoplasm of the cells were clearly differentiated, allowing the intracellular antigens to be localized and thus providing a more reliable basis for detecting virus antigens.
Optimal conditions for immunoperoxidase assay
A I:IOO dilution was routinely used for AcMNPV LOVAL antiserum, and 1:2oo for AcMNPV polyhedrin antiserum. Antiserum against AcMNPV NOV was also tested but gave much non-specific staining of control cells and was not considered acceptable for routine use. Attempts to absorb PMB-NOV AcMNPV antiserum with disrupted or fixed TN-368 cells to eliminate non-specific staining were unsuccessful. Although purified IgG prepared from each of AcMNPV LOVAL and PMB-NOV antisera reduced the non-specific background reaction, IgG was not used for routine experiments because no important difference was observed when comparison was made with the complete antiserum.
A positive enzymic reaction was not observed when DAB, hydrogen peroxide, anti serum or peroxidase-conjugated goat anti-rabbit IgG serum were omitted from the pro- 
Time course studies Production of enveloped nucleocapsids, polyhedrin and polyhedra
Time course studies were undertaken wherein the onset and the rate of increase in infected cells of each the following, as detected by immunoperoxidase reaction, were compared: synthesis of enveloped nucleocapsid antigens, production of infectious intracellular and extracellular non-occluded virus, synthesis of polyhedrin, and the formation of polyhedra. Enveloped nucleocapsid antigens were first detected in infected TN-368-IO cells at 8 h post infection (Fig. 0 , but not at 6 h. The first evidence of infectious progeny virus (both intra-and extracellular) as detected by polyhedral plaque assay, however, was at Ioh post infection (p.i.). There was a lag of about 2 h between detection of enveloped nucleocapsid antigens and that of infectious virus.
Polyhedrin was first detected at I2 h p.i. This shows that polyhedrin is synthesized late relative to enveloped nucleocapsid proteins, and its presence did not precede that of infectious virus (Fig. 2a) . However, the total amount of infectious non-occluded virus, both 35-2 intra-and extracellular, began to decline at the onset of polyhedrin production between i2 and 14 h p.i. (Fig. I and 2 ). The relation between the synthesis and accumulation of polyhedrin and the budding of infectious non-occluded virus from the cell surface has been noted previously (Volkman & Summers, 1975; Volkman et al. 1976 ) . The crystallization of polyhedrin into polyhedra was initially observed to occur at 15 h p.i. The rate of production of polyhedra in infected TN-368-IO cells paralleled the rate of polyhedrin synthesis as judged by immunoperoxidase reaction with an approximate lag time of I to 3 h (Fig. 2 a and b) . In infected TN-368-13 cells, however, the rate of production of polyhedra was less than that of polyhedrin (Fig. 2 b) . This difference in the rate of appearance of polyhedra between infected TN-368-IO and TN-368-13 cells has been noted before (Volkman & Summers, 1975) and presumably is related to the difference in their abilities to serve as indicator cells in the plaque assay (Volkman & Summers, I975) and to the difference in their PMB-NOV yields (Volkman et al. I976) .
Intracellular location of enveloped nucleocapsid and polyhedrin antigens
With the LOVAL antiserum the first immunoperoxidase staining in infected cells was observed at 8 h p.i. in distinct regions of the cytoplasm indicating the site of enveloped nucleocapsid antigen synthesis and accumulation. The staining was most intense near the nucleus, but no stain was detected in the nucleus at that time ( Fig. 3a and b) .
At IO h after infection of TN-368-1o cells, LOVAL antiserum produced, in addition to the cytoplasmic staining present at 8 h, a very slight reaction uniformly distributed throughout the nucleus indicating the presence of some enveloped nucleocapsid antigen(s). This coincided with the detection of both intracellular and extracellular infectious virus.
At 12 h p.i., approximately 75 % of the TN-368-IO cells treated with LOVAL antiserum were uniformly stained, although the staining was slightly more intense in the nucleus than the cytoplasm. At this time, less than I.O % of the infected cells became stained with polyhedrin antiserum. The intensity of staining in the cytoplasm of infected TN-368-IO cells using LOVAL antiserum began to decrease when the cells were first stained with polyhedrin antiserum, i.e. about 12 h p.i.
At 15 h p.i., 86 % of the cells reacted with the LOVAL antiserum, giving intense staining in the nucleus (see Fig. 4a and b) , particularly in the virogenic stroma. Markedly less staining was observed in the cytoplasm indicating a possible shutdown in the synthesis of enveloped nucleocapsid antigens. At 15 h the distribution of polyhedrin was similar to that at I2 h, but the staining was slightly more intense. Twenty per cent of the cells reacted with the polyhedrin antiserum, but intact polyhedra were observed in only 2"5 %.
At 18 h p.i., 92% of the infected TN-368-IO cells reacted with LOVAL antiserum (Fig.  5 a and b) giving a somewhat even distribution of stain throughout the nucleus, with the exception of some localization of stain adjacent to the inner nuclear membrane. There was greatly diminished staining in the cytoplasm. When treated with polyhedrin antiserum, 60 % of the cells distinctly stained in the nucleus while reaction in the cytoplasm was significantly diminished (Fig. 4a and b) . The staining appeared to be most intense near the inner nuclear envelope. Polyhedra were observed in 30 % of the cells.
At 24 h p.i., staining in TN-368-IO cells treated with LOVAL antiserum was similar to that at 18 h except that cells containing numerous polyhedra in the nuclei reacted less intensely. When polyhedrin antiserum was used, 70 % of the cells stained intensely in the nucleus with some apparent localization of stain near the inner nuclear membrane; staining was markedly reduced in the cytoplasm. Polyhedra were observed in 62 °/o of the cells.
At 36 to 42 h p.i., when over 95% of the cells contained polyhedra, TN-368-IO cells No Yes Yes --treated with LOVAL antiserum showed only slight staining in the cytoplasm and a marked reduction of stain in the nucleus. These results indicated that as enveloped nucleocapsids became occluded, the reaction with LOVAL antibodies decreased. Either the polyhedral membrane (Summers & Arnott, 1969) aided in blocking the penetration of polyhedrin antibodies, or the assembly of polyhedrin into a crystalline matrix in some way modified its antigenic determinants or made them inaccessible for antibody reaction. While comparative studies with TN-368-I 3 cells showed relationships similar to those described for TN-368-IO cells, the timing of events was delayed by about 2 h (Fig. 2 a and b) .
Infection of Manduca sexta, Mamestra brassicae, Bombyx mori 5 and
Carpocapsa pomonella cells Comparisons of several different invertebrate cell lines were made in order to test the general utility of the immunoperoxidase technique as developed with TN-368-IO and TN-368-13 cells (Table I) . Although time course studies were not conducted, antisera to enveloped nucleocapsids and polyhedrin tested against M. brassicae cells at 18 h p.i. showed reactions typical of those observed in TN-368-IO and TN-368-I 3 cells. It is now known from other studies in this laboratory that the M. brassicae cell line yields titres of PMB-NOV and polyhedra at least comparable to those produced by TN-368-IO cells. Carpocapsa pomonella cells are resistant to infection by AcMNPV and no progeny virus was detected by back titration of cell culture medium in TN-368-IO cells. Also, neither conjugated antiserum for enveloped nucleocapsids nor for polyhedrin reacted with these cells at time intervals up to 42 h post inoculation.
In B. mori cells, different results were obtained (Fig. 6 , Table I ). At 42 h p.i., 9o % of the cells reacted with LOVAL antiserum. Staining was more intense in the cytoplasm adjacent to the outer nuclear membrane (Fig. 6c) with some very slight staining in the nucleus. The cells did not react, however, with polyhedrin antiserum. Inspection of 400 cells revealed that only 0-5 to I-o % contained polyhedra. By 42 h p.i., cells yielded titres of lO 6 p.f.u./ml or more of non-occluded virus particles as confirmed by back titration of B. mori cell culture medium in TN-368-IO cells.
DISCUSSION
The immunoperoxidase technique can be used to monitor infected invertebrate cells for the presence of virus antigens during the course of infection. Some of the advantages that this technique offers over the popular plaque assay and other polyhedron-dependent methods are: 0) it is independent of the production of polyhedra and may be used to detect enveloped nucleocapsid associated antigens or, alternatively, polyhedrin antigens directly, and (2) it can detect virus antigens in the absence of infectious virus and polyhedrin. Thus, the method can be used in the search for: 0) virus mutants which under certain conditions either cannot produce polyhedrin or produce an altered polyhedrin that cannot crystallize into polyhedra, or (z) virus mutants that do not produce infectious particles in certain cell types. If used in conjunction with polyhedral plaque assay, the method could further the understanding of the mechanisms involved in the replication and production of occluded and non-occluded virus.
It is difficult to evaluate the sensitivity of the assay except, perhaps, by comparing the sensitivity of antisera when used in this method with that of the same sera when used in radioimmunoassay. The polyhedrin antiserum used in this study could detect 75 Pg of polyhedrin by binding studies (M. D. Summers, unpublished results). Furthermore, both competition radioimmunoassay and the immunoperoxidase technique first indicated the appearance of polyhedrin at 12 h p.i. By radioimmunoassay, polyhedrin was detected by I2 h in as few as too cells; at the same time of infection, the immunoperoxidase technique detected polyhedrin in 1 of IOO cells.
The LOVAL antiserum could detect I ng of virus, perhaps less by competition radioimmunoassay (M. D. Summers, unpublished results) . If it were assumed that similar sensitivity existed for the immunoperoxidase method as for the radioimmunoassay, as compared to the polyhedrin studies, it could be estimated that I ng of enveloped nucleocapsid antigens could be detected, which represents, at a maximum, roughly 1.8 × lO 6 LOVAL particles (Volkman et al. I976) . This is probably an overestimation since the calculation is based upon total virus protein.
Although not yet determined, the antiserum probably recognizes only a small proportion of the structural proteins of the enveloped nucleocapsid.
The study relating time, presence and cellular location of antigen-antibody reaction revealed several things about the nature of AcMNPV infection of TN-368-IO and TN-368-I3 cells. The fact that enveloped nucleocapsid antigens were detected 2 h in advance of infectious virus, both of which, in turn, were detected 2 to 4 h before polyhedrin, indicates that the synthesis of polyhedrin (in excess of our limits of detection) is not necessary for the production of infectious non-occluded virus. The synthesis of infectious virus began to decline at the onset of polyhedrin production as detected by immunoperoxidase staining between I2 and 14 h p.i. This confirms our previous results (Volkman & Summers, 1975) . Polyhedrin was synthesized about 2 h before the appearance of polyhedra. While the rate of appearance of polyhedra paralleled the rate of appearance of polyhedrin as evaluated by similar slopes (Fig. 2) in TN-368-~ o cells, the rate of appearance of polyhedra in TN-368-I 3 cells was less when compared to polyhedrin. As the rate of synthesis of polyhedrin was approximately the same for TN-368-Io and TN-368-I3 cells (see slopes of reaction curves) (Volkman & Summers, 1975, I976; Volkman et al. 1976) , perhaps a factor involved in the crystallization of polyhedrin into polyhedra is related to the two cell lines' abilities to produce different quantities of polyhedra and at different times. The rate of crystallization may depend on the availability of the appropriate enveloped nucleocapsid protein(s) to serve as a nucleation site.
Enveloped nucleocapsid antigens initially appeared in the cytoplasm of infected cells and were transported to the nucleus by IO h p.i. At 15 h intense staining occurred in the nucleus while staining in the cytoplasm was greatly diminished. Intense staining and localization coincided with the appearance of the virogenic stroma (Volkman et al. 1976 ) just prior to polyhedron formation. The intense staining associated with the virogenic stroma may be indicative of the insertion of LOVAL specific proteins into intranuclear virus envelopes. As the number of polyhedra per nucleus increased between 18 and 42 h, staining of enveloped nucleocapsid antigens in the nucleus decreased. Perhaps as the virions became occluded surface antigens were no longer immunoreactive.
Polyhedrin was apparently rapidly transported to the nucleus as it was initially detected at 12 h p.i. in both the cytoplasm and nucleus, given that no synthesis occurs in the nucleus. As polyhedrin assembled into its crystalline form, the intensity and extent of reaction in the cell nuclei also diminished rapidly. Polyhedrin antiserum either was not penetrating the polyhedral membrane or the antigen was not accessible in crystalline form.
The testing of several invertebrate cell lines indicated that the immunoperoxidase technique could indeed be useful for host range studies. In addition, the peroxidase results with infected Bombyx mori 5 cells revealed that no intense intranuclear staining occurred using LOVAL or polyhedrin antisera, by contrast with TN-368-IO and TN-368-I 3 cells. In fact, the slight staining observed at IO h p.i. in B. mori cells was similar to that at 8 and Io h p.i. in TN-368-IO cells. One can speculate that: (i) certain LOVAL specific antigens responsible for the serological reaction are not synthesized in B. mori cells; (2) the transport of LOVAL specific antigens to the nucleus is inhibited; (3) LOVAL specific proteins are synthesized and transported to the nucleus, but fail to be inserted into the LOVAL envelope so that the antigenic structure recognized by the antibodies is not produced; (4) an interfering agent not detected by our technique may be present. Any of these possibilities may be directly or indirectly responsible for the lack of nuclear staining.
These observations raise the question of how the B. mori cell is able to block some function related to the synthesis of polyhedrin (Summers & Smith, I976 ) , but not replication of enveloped nucleocapsids. The infectious virus recovered from medium of infected B. mori 5 and B. mori I (from D. Knudson) infects TN-368-IO cells normally and therefore does not appear to be defective. In addition, extracellular virus from AcMNPV infected B. mori I cells can be 98"5 % neutralized by homologous antiserum. Moreover, no plaque forming virus was detected when uninfected B. mori cells were sonicated and titrated for virus in TN-368-IO cells.
The finding that infected Bombyx mori cells produced enveloped nucleocapsid antigens and infectious virus in the absence of detectable polyhedrin and, consequently, polyhedron production in nearly all the cells, illustrates precisely why polyhedron dependent assays should only be used as indicators of virus infectivity in well characterized systems. There is therefore a need for more specific and sensitive techniques for the direct detection and quantification of enveloped nucleocapsids. The development of the immunoperoxidase technique as applied herein is one of the first steps in that direction.
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